Uterine leiomyoma are common, benign tumors that are enriched in extracellular matrix. The tumors are characterized by a disoriented and loosely packed collagen fibril structure similar to other diseases with disrupted Transforming growth factor b (TGF-b) signaling. Here we characterized TGF-b3 signaling and the expression patterns of the critical extracellular matrix component versican in leiomyoma and myometrial tissue and cell culture. We also demonstrate the regulation of the versican variants by TGF-b3. Using leiomyoma and matched myometrium from 15 patients, messenger RNA (mRNA) from leiomyoma and myometrium was analyzed by semiquantitative real time reverse transcription-polymerase chain reaction (RT-PCR), while protein analysis was done by western blot. Transforming growth factor b3 transcripts were increased 4-fold in leiomyoma versus matched myometrium. Phosphorylated-TGF-b RII and phosphorylated-Smad 2/3 complex were greater in leiomyoma as documented by Western blot. The inhibitor Smad7 transcripts were decreased 0.44-fold. The glycosaminoglycan (GAG)-rich versican variants were elevated in leiomyoma versus myometrial tissue: specifically V0 (4.27 + 1.12) and V1 (2.01 + 0.27). Treatment of leiomyoma and myometrial cells with TGF-b3 increased GAG-rich versican variant expression 7 to 12 fold. Neutralizing TGF-b3 antibody decreased the expression of the GAG-rich versican variants 2 to 8 fold in leiomyoma cells. Taken together, the aberrant production of excessive and disorganized extracellular matrix that defines the leiomyoma phenotype involves the activation of the TGF-b signaling pathway and excessive production of GAG-rich versican variants.
INTRODUCTION
Uterine leiomyomata are tumors enriched in extracellular matrix (ECM) proteins that contribute to the symptomatic bulk of these tumors. We previously reported that leiomyomas exhibit not only increased levels of ECM gene expression by microarray analysis, but also that the ECM collagen fibril structure and orientation were disoriented and loosely packed in a nonparallel manner when compared to matched myometrium via electron microscopy. 1, 2 The dysregulated accumulation of the ECM represents an imbalance between synthesis and dissolution, and like other fibroproliferative conditions such as keloids, may represent disorders of wound healing. 3, 4 Leiomyomas represent an excellent model for the study of disease processes involving disrupted ECM.
Versican is a versatile ECM proteoglycan that contributes to the structural properties of the matrix through its ability to bind hyaluronan and the glycosaminoglycan (GAG) chondroitin sulfate, thereby influencing cell growth, migration, and differentiation. [5] [6] [7] [8] In addition to its interaction with hyaluronan, versican interacts with a number of other ECM molecules such as tenascin, 9 fibulins, 10, 11 fibrillin, 12 and fibronectin, 13 as well as cell surface proteins including selectins, 14, 15 integrin b1, 16 CD44, 17 and epidermal growth factor (EGF) receptor. 18 Through these interactions, Zheng and colleagues demonstrated increased tumor growth via versican's interactions of the EGF-binding domain with fibronectin and vascular endothelial growth factor (VEGF). 19 Furthermore, versican expression was predictive of tumor growth or relapse in patients with a diagnosis of organconfined prostate cancer 20 and in women with nodenegative breast cancer. 21 These results support the role of versican as an important structure in matrix organization while influencing tumor growth and proliferation through its versatile binding domains.
Versican has 4 different isoforms that mediate the different functions in the ECM. The isoforms contain different combinations of 2 GAG-binding domains (GAGa and GAGb) within the middle portion of the core protein. 5 Differential RNA splicing of GAGa and GAGb results in the 4 versican variants: V0 has both of these domains, V1 has GAGb only, V2 has GAGa only, and V3 is devoid of GAG motifs (Figure 1) . 5, 22 The wide range of interactions mediated by versican is thought to result from differential expression of the GAG domains and from properties conferred by the Nand C-terminal domains. [23] [24] [25] In humans, versican variant expression has been noted in over 20 tissue types, 26 and particularly in tissues that undergo remodeling. Differential expression of the versican variants was demonstrated in response to repetitive trauma in tendons 24 and was suggested to contribute to changes in matrix structure and function in such tendonopathies. Differential versican variant expression is associated with developmental events including organogenesis, limb bud formation, cartilage development, and mesenchymal condensation. 27 Versican has also been implicated in tissues undergoing rapid remodeling, such as the uterus during pregnancy where versican achieves its highest concentration in the ripe cervix immediately after vaginal delivery. 28, 29 Thus, a growing body of evidence has emphasized the association between the differential expression of the versican variants and connective tissue remodeling. In leiomyomas, the process of wound healing is altered, 3 which may in part be explained by differential expression of the versican variants. The TGF-bs are multifunctional peptides that exhibit diverse biological actions, including stimulation or inhibition of cell growth and differentiation, as well as regulation of ECM production. 30, 31 Transforming growth factor b signaling regulates the structure and function in diseases characterized by aberrant ECM production, including leiomyomas, [32] [33] [34] glomerulonephritis, 35 pulmonary fibrosis, 36 liver cirrhosis, 37 scleroderma, 38 and keloids. 39, 40 The dominant isoform in the cells of mesenchymal origin, including smooth muscle cells, is TGF-b3. 41 The messenger RNAs (mRNAs) and proteins for TGF-b1, -b2, and -b3 as well as their receptors have been detected in human myometrium and leiomyoma. 42 Our laboratory and others have demonstrated that TGF-b3 is 3-to 5-fold overexpressed in leiomyoma versus myometrium, 2,32,43 while no significant difference was observed in TGF-b1 mRNA abundance. 44 Furthermore, the increase of TGF-b3 expression in leiomyoma versus myometrium correlated with disoriented collagen fibrils and ultrastructural abnormalities of the ECM. 3 We therefore hypothesized that TGF-b3 would modulate the versican variant expression, ultimately contributing to the dysregulated ECM seen in leiomyomas.
Hyaluronan
Our gene profiling studies suggested that both total versican expression and TGF-b3 transcripts were overexpressed in leiomyoma tissue compared to matched myometrium. 2, 45 In the current study, we characterized the TGF-b3 signaling pathway noting differences with prior studies and specifically demonstrate the differential expression of the splice variants of versican in leiomyoma tissue and cell culture compared to matched myometrium. We further demonstrate that TGF-b3 regulates the versican variant expression in leiomyoma and myometrial cell culture.
MATERIALS AND METHODS

Tissue Collection and Demographics
All materials and methods for collection of leiomyoma and myometrium and RNA isolation were conducted as previously described. 46 After obtaining informed consent, 15 women underwent hysterectomy at the National Naval Medical Center in Bethesda, Maryland. The surgical indication was symptomatic leiomyomas. Inclusion criteria allowed all patients undergoing an abdominal or vaginal hysterectomy for symptomatic leiomyomata uteri who were willing to participate in the study. All leiomyomata were reviewed by a pathologist and none contained leiomyosarcoma or myxoid pathology and all were noted to be benign leiomyomata. The only patients excluded were patients who did not have leiomyomata identified in the pathological specimen. Investigational review board approval for tissue collection and analysis was obtained at the National Institutes of Health, the Uniformed Services University of the Health Sciences, and the National Naval Medical Center in Bethesda, Maryland. Leiomyoma and myometrial tissue samples 3 to 10 mm 3 in size were harvested. For some leiomyomas, this represented the entire specimen. From larger leiomyomas, tissue was taken at random from the center, middle, and peripheral locations. Patient and leiomyoma characteristics for confirmatory studies are described in Table 1 . Each patient provided 1 leiomyoma and matched myometrium.
Tissue destined for RNA isolation was minced and immediately placed in RNAlater (Ambion, Inc, Austin, Texas). Samples were either processed immediately or were placed at 4 C overnight and then stored at -80 C. Tissues for protein isolation were cut in 5-mm sections and frozen immediately at -80 C.
In each case, normal myometrial tissue was harvested as a control from an adjacent region of the uterus, but care was taken to avoid the leiomyoma pseudocapsule. The location and size of the leiomyomata evaluated are available in Table 1 .
RNA Isolation
RNA isolation was performed according to a standard protocol. 46 Briefly, tissue (either fibroid or myometrial) . The tissue homogenate was left at room temperature for 5 minutes and then mixed with 0.2 mL of choloroform per 1 mL of TRIzol reagent used. This mixture was kept at room temperature for 5 minutes and then centrifuged at 12 000 rpm for 15 minutes at 4 C. The aqueous layer was transferred and mixed with 0.5 mL of isopropanol per 1 mL of TRIzol reagent used. This mixture was left at room temperature for 10 minutes and then was centrifuged at 12 000 rpm for 10 minutes at 4 C. The liquid was decanted, the pellet dried, and then washed with 1.5 mL of 75% ethanol per 1 mL of TRIzol reagent used and centrifuged at 7500 rpm for 5 minutes at 4 C. The liquid was decanted and the pellet resuspended in diethylpyrocarbonate (DEPC)-treated sterile water. To ensure that there was no contaminating DNA present, all RNA samples were treated with DNAse-I enzyme using the Turbo DNA-free kit in accordance with the manufacturer's protocol (Ambion). RNA integrity and concentration were confirmed by agarose electrophoresis and spectrophotometry measurements using the A 260 /A 280 ratio.
Immortalized Cell Culture
Leiomyoma and myometrial tissue were minced into 1to 2-mm pieces. Primary cell cultures were generated and immortalized using recombinant retrovirus containing the E6/E7 open reading frames of human papillomavirus (HPV) type 16. 47, 48 The immortalized cell lines were confirmed to be derived either from myometrium or leiomyoma using the specific biomarker gene array as described previously. 45 Transforming Growth Factor b3 and Anti-TGF-b3 Treatment
The effect of exogenously added TGF-b3 on versican variant expression was tested using myometrial and leiomyoma-immortalized cells that had been allowed to grow to 80% confluence in culture dishes with DMEM (Dulbecco's minimal essential medium) with 10% fetal bovine serum (FBS) that contained antibiotics and antimycotics at 37 C in a humidified atmosphere (5% CO 2 in air). After 3 to 4 days of culture, the cells were washed with phosphate-buffered saline (PBS), and the medium was changed to DMEM with serum-free media with antibiotics and antimycotics for 48 hours. Transforming growth factor b3 (Sigma-Aldrich, Inc, St Louis, Missouri) was then added to myometrial and leiomyoma cells for 24 hours at the following concentrations: 0, 0.1, and 1.0 ng/mL in DMEM in serum-free media. Transforming growth factor b3 neutralizing antibody (Sigma-Aldrich) was also added to myometrial and leiomyoma cells at the following concentrations: 0, 0.1, and 1.0 mg/mL in DMEM in serum-free media to examine the autocrine effect of TGF-b3 on versican expression. These concentrations and chosen treatment times were based on prior studies using primary leiomyoma and myometrial cell cultures. 32, 43, 49, 50 Primer and Probe Design
Total RNA (either leiomyoma or myometrium) was first diluted to yield 10 ng per mL stock concentrations. Primers and probes used for versican mRNA were described previously 24 and confirmed with BLASTn searches (www.ncbi.nih.gov/BLAST). BLASTn searches revealed no significant similarity to other sequences. The probes were chosen to span exon splice junctions. All RNA samples were assayed a minimum of 3 times on the same plate at 5 ng/well and each target assay was performed at least 3 times with similar results. The values obtained for versican mRNA expression were normalized with the internal housekeeping gene 18S mRNA expression and the relative expression was determined against corresponding myometrium or untreated cells.
Reverse Transcription Polymerase Analysis
The primers were then generated on a 3900 High-Throughput DNA Synthesizer (Applied Biosystems, Foster City, California). Their composition and concentrations were verified and determined by measuring optical density with a standard spectrophotometer. These were added to the reaction mix at 300 nmol/L concentration. iScript One-Step reverse transcription-polymerase chain reaction (RT-PCR) kit for Probes (Bio-Rad, Hercules, California) was used with either the Gene Amp PCR System 9700 (Applied Biosystems) or the MyCycler Thermocyler (BioRAD, Hercules, California) for thermal cycling. Reverse transcription was performed at 50 C for 30 minutes, followed by 94 C for 2 minutes. The samples then underwent 40 cycles at the following temperatures:
94 C for 15 seconds, 50 C to 65 C (depending on the optimal annealing temperatures of the designed primers) for 30 seconds, and 72 C for 1 minute 30 seconds. Primers for glyceraldehyde-3-phosphate (GAPDH) or 18S ribosomal RNA (rRNA) were included as an internal control to verify that a similar amount of starting template was loaded in each well. Leiomyoma and myometrium samples were then electrophoresed side-by-side at the same starting concentration on a 2% agarose gel with ethydium bromide for endpoint RT-PCR analysis. For real-time RT-PCR, data analysis was performed with Bio-RAD iCycler software, version 3.1.
Protein Isolation
Uterine leiomyoma and myometrium were frozen at -80 C for storage. Protein isolation and lysate preparation were described previously. 51 
Statistical Analysis
Statistical analysis for the real-time RT-PCR data was performed using a 2-tailed Student t test. 52 The data are presented as mean of differential expression among all patients with 95% confidence intervals. The immunohistochemistry data was analyzed using the ImageJ 1.34n software (share-ware, http://www.uhnresearch.ca/facilities/ wcif/imagej/) to analyze quantity of pixels in the myometrial cells in comparison to the fibroid cells. Five random sections of the immunohistochemical fixed slides were digitally photographed for the myometrium and fibroid samples of each different protein. Using the ImageJ software, random cells on each section of the slide underwent histogram analysis and the mean number of pixels was recorded. The P value was generated using a standard 2-tailed Student t test, and considered significant if <.05. Wilcoxon sign rank tests were used for nonparametric data. Western blot data was analyzed using the ImageJ software to calculate the number of pixels in each band and comparing myometrium to leiomyoma.
RESULTS
Transforming Growth Factor b3 Expression by Human Leiomyoma Tissue
Using quantitative end-point RT-PCR and also quantitative real-time RT-PCR, we confirmed that TGF-b3 mRNA was elevated 4-fold in surgical specimens of uterine leiomyoma in comparison with patient-matched myometrium (Figure 2A and B) . Transforming growth factor b1, another isoform of TGF-b, revealed no significant elevation (results not shown), which was consistent with previous findings. 44 Our results also demonstrated no statistically significant difference in TGF-b RIII, Smad 2, Smad 3, Smad 4, and Smad 6 mRNA expression ( Figure 2B ). TGF-b RI and TGF-b RII mRNA were both significantly decreased in uterine leiomyomas (P .001, and P .01, respectively; Figure 2A and B). Smad7, primarily responsible for inhibition of TGF-b intracellular signaling activity, exhibited a significant 2-fold decrease of mRNA in uterine leiomyoma (P ¼ .042; Figure 2A and B). These results, in aggregate, demonstrated that template encoding 2 primary receptors of TGF-b signaling were decreased in uterine leiomyoma tissues and that other components of the TGF-b cell signaling pathway transcript expression were unchanged in leiomyomata relative to myometrium, while the inhibitory Smad, Smad 7 was decreased in leiomyomas. Of note, no differences in gene or protein expression were noted between different ethnic groups; however, the study was not appropriately powered to address this question.
Activation of the TGF-b cell signaling pathway requires interaction of ligand with TGF-b RII, phosphorylation of TGF-b RII, interaction of this complex with TGF-b RI, and activation of the Smad pathway by phosphorylation of the Smad 2/3 complex. 53 We have found that TGF-b RII and Smad 2/3 complex were phosphorylated to a greater extent in leiomyomata compared with myometrium ( Figure 2C ). The increased levels of phosphorylated TGF-b RII occurred in the background of almost equal levels of total or unphosphorylated TGF-RII ( Figure 2C ) and decreased transcript expression ( Figure 2B ). Collectively, these results suggested that leiomyomata samples contain elevated levels of ligand (TGF-b3), increased activated TGF-b RII, increased Smad 2/3 phosphorylation, and decreased Smad7 expression strongly suggesting greater activation of the TGF-b signaling pathway.
Versican Variants in Human Leiomyoma Tissue
We initially demonstrated increased protein expression of the versican variants V0/V1 in our immortalized leiomyoma cells compared with our myometrial cells using a polyclonal antibody ( Figure 2C ). Using primers specific for the mRNA of versican glycosaminoglycan splice variants, we found that templates for all 4 variants were present in both leiomyoma and myometrial tissue and that their expression was altered in leiomyoma using quantitative real-time PCR (Figure 3 ). Overall, V0 showed increased gene expression in leiomyoma versus myometrium (median ¼ 4.27 + 1.12), while V1 demonstrated more modest elevation (V1: median ¼ 2.01 + 0.27), and V2 and V3 expression were comparable between leiomyoma and myometrium (V2: median ¼ 1.01 + 0.55; and V3: median ¼ 1.24 + 0.29).
Versican Variant Expression in Cell Culture After Treatment With TGF-b3 or Anti-TGF-b3
We treated our immortalized leiomyoma and myometrial cells with TGF-b3 or a-TGF-b3 antibody to determine whether there was an effect of TGF-b3 on versican variant V0 mRNA expression ( Figure 4) . We estimated the dose of treatment of TGF-b3 and a-TGF-b3 antibody based on previous studies using TGF-b1. 32, 43, 50 Untreated myometrial cells were used as a normative reference point for the aberrant leiomyoma cells and also for the TGF-b3-treated myometrial and leiomyoma cell lines. With TGF-b3 treatment, variant V0 showed increased expression in both leiomyoma and myometrial cells versus untreated myometrial cells ( Figure 4A and B). This increase was most pronounced with myometrial cells. With the addition of a-TGF-b3 antibody, leiomyoma cells exhibited a more pronounced decrease in relative fold expression of V0 compared with myometrial cells, thus suggesting endogenous TGF-b3 expression and function in leiomyoma cells ( Figure 4A and B). We interpret the findings to indicate that TGF-b3 regulated versican variant V0 in both leiomyoma and myometrial cells. TGF-b3 also was noted to regulate versican variant V1 expression ( Figure 5A and B) . A more substantial decreased expression of V1 was noted in leiomyoma cells with Anti-TGF-b3 treatment compared to myometrial cells treated similarly ( Figure 5A and B) . These results indicated that variants found to be overexpressed in leiomyomas (Figure 3) were regulated by TGF-b3. In contrast, V3, which lacks any glycosaminoglycan side chains, exhibited minimal change in expression in leiomyoma cells with the addition of either TGF-b3 or a-TGF-b3 antibody ( Figure 6A) . A smaller decreased expression of V3 was noted in myometrial cells treated with TGF-b3, suggesting that the more GAG-rich variants were overexpressed with TGF-b3 treatment ( Figure 6B ). V2 expression was similar to V3 in the presence of TGF-b3 or a-TGF-b3 antibody (data not shown).
DISCUSSION
The versican variants are important proteoglycans that influence the ECM through both their unique structure and also through their different functional proteinbinding domains. 23 Versican's interactions with other proteins modulate the organization of the ECM and promote tumor growth and cellular proliferation. We demonstrated that the GAG-rich versican variant transcripts (V0 and V1) were overexpressed in leiomyoma tissue and immortalized cells further supporting the importance of glycosaminoglycans in the dysregulated ECM of leiomyomas. We also demonstrated that the TGF-b3 pathway was activated and that TGF-b3 notably regulated the expression of the GAG-rich versican variants V0 and V1. The increased expression of versican variants V0 and V1 noted in leiomyomas may contribute to both the disorganization of the ECM and to the increased stiffness of these tumors. In leiomyomas, we have recently noted a 3-fold increased stiffness in leiomyoma tissue versus matched myometrium that corresponded to increased sulfated glycosaminoglycan and collagen content. 54 This builds upon previous work that demonstrated increased levels of total glycosaminoglycans (heparan sulfate, keratin sulfate, chondroitin sulfate, and heparin) in leiomyomas versus myometrium. 55 contribute to tumor growth 58 and more specifically to leiomyogenesis. 54 With increased amounts of glycosaminoglycans, tumor bulk 55 was increased in leiomyomas. Orientation of ECM matrix mediates tension-dependent cell migration, 59 and alterations in orientation that influence matrix rigidity has been shown to influence cell growth, viability, differentiation, and motility. 58, 60 Thus, versican's role in contributing to an increased and dysregulated ECM may stimulate growth via a tension-mediated pathway.
Versican exerts its various properties through its interactions with many other proteins beyond the glycosylaminoglycans that are noted to be altered in leiomyomas. Studies have shown versican to interact with fibronectin 13 as well as collagen type I both of which are altered in leiomyomas compared with myometrium. 43, 61 Furthermore, through its C-terminal domain, versican binds both 11, 12 fibrillin-1and fibulin-2, which are modular ECM proteins that are expressed in extracellular fibrils, basement membranes, and elastic fibers. Fibulin-1C has been implicated in leiomyoma formation 62 and its expression may interestingly be mediated through versican.
After treating the immortalized leiomyoma and myometrial cells with TGF-b3, we noted an increased expression of the GAG-rich V0 and V1. This increase in V0 and V1 corresponds to the aberrant deposition of ECM noted in leiomyomas. The large number of GAG subunits found in V0 and V1 and also other proteoglycans collectively serve as a repository that contain essential growth factors, which further stimulate leiomyoma proliferation and ECM deposition via autocrine and paracrine mechanisms. 63, 64 Notably, with the treatment of the neutralizing antibody a-TGF-b3, V0 and V1 expression in leiomyoma cells decreased to a greater extent compared with myometrial cells. This corresponds to previous data suggesting a 3-to 5-fold overexpression of TGF-b3 in leiomyoma versus myometrium. 2, 32, 43 Our data suggest that TGF-b3 regulates the versican variant expression in conjunction with the disrupted ECM in leiomyogenesis.
Versican is one of several ECM molecules that accumulate in lesions of atherosclerosis and re-stenosis and is thought to be partly mediated by increased levels of the GAG-deficient isoform, V3. 65, 66 By overexpressing the GAG deficient V3, the arterial smooth muscle phenotype is dramatically altered with a noted increase in cell adhesion. 67 Interestingly, when we treated our cells with TGF-b3, V3 levels were unaltered in both leiomyoma and myometrial cells, suggesting that TGF-b3 treatment favors the bulky GAG-rich versican variants that are hydrophilic (Figures 4 and 5 ). This corresponds with the high water content noted in the outer myometrium where leiomyomas are commonly found, 68 further supporting the importance of the dysregulated GAG-rich ECM noted in leiomyomas.
Altered expression of TGF-b3 leads to several pathological disorders including tissue fibrosis. 39, 69 Many investigators have demonstrated that TGF-b3 functions via the Smad pathway in various tissue types 31, [70] [71] [72] and also in leiomyoma tissue and cells. 50, 73 Our results demonstrate that the essential elements of the TGF-b signaling pathway were altered in surgical specimens of leiomyoma versus patient-matched myometrium and that the TGF-b-Smad-dependent pathway was activated. The active phosphorylated forms of both Smad3 and the TGF-b RII were increased relative to matched myometrium in the setting of largely equivalent levels of unphosphorylated total TGF-b RII. Furthermore, we demonstrated decreased levels of the inhibitory Smad7 in untreated leiomyomas versus myometrium.
Transforming growth factor b3 regulates ECM protein expression in leiomyoma cells and tissue. Arici and Sozen showed that TGF-b3 stimulated the ECM protein fibronectin 43 while the immunoneutralizing antibody for TGF-b3 has been demonstrated to decrease collagen type I and III production in leiomyoma and myometrial cells. 32 The expression of fibromodulin, an important collagen-binding ECM protein rich in oligosaccharides, has been demonstrated to be regulated by TGF-b in myometrial and leiomyoma cells. 49 These effects of TGF-b on fibromodulin were reversed with following pretreatment with Smad3 siRNA, thus supporting the mechanistic importance of the Smad-mediated signaling pathway for aberrant ECM protein expression in leiomyoma and myometrial cells treated with TGF-b. Versican's altered expression by TGF-b3 may be regulated in similar manner.
However, the impact of TGF-b3 treatment on the versican variants has not been analyzed in leiomyomas or myometrium. Follow up microarray analysis of leiomyomas and myometrial tissue has further implicated TGF-b3's close relationship to a number of ECM genes including various collagens, proteoglycans, elastin, and versican. 3, 74 Total versican expression was originally demonstrated to be overexpressed by microarray analysis in both leiomyoma versus matched myometrial tissue 51 and also in primary leiomyoma cell culture compared to matched myometrial cell culture. 33 The upregulated total versican results were recently confirmed in both tissue and primary cell culture in leiomyomas by RT-PCR and protein analysis. 45 The studies examining total versican in leiomyoma tissue and cell culture also demonstrated concurrent alterations of the TGF-b3 signaling pathway.
In conclusion, our study uniquely demonstrated the differential gene expression of the versican variants in leiomyoma and matched myometrium tissue. We further demonstrated that the active TGF-b3 signaling pathway directly affects the versican variant expression in leiomyoma and myometrial cells, favoring the GAG-rich variants. Our work suggests that production of essential components of the aberrant ECM in leiomyomas may further contribute to their disordered tumor growth.
